To clarify the characteristics of the larval and juvenile fish community in a Japanese estuary, monthly collections were conducted in the shallow waters of the Shimanto Estuary, Japan from July 1985 to June 1987. A total of 49 101 fishes of more than 100 species from 44 families were sampled over the 2-year period. Numerically, Gerres equulus was most common, accounting for 20.02% of the total abundance. Rhyncopelates oxyrhynchus was ranked second, followed by Acanthopagrus latus, Acanthogobius flavimanus, Mugil cephalus cephalus, Parioglossus dotui, and Acanthopagrus schlegeli. Thus, fishes observed in the estuary were mostly marine species that spawn in the sea. The majority of these fish first appeared within the estuary at late postlarval and/or early juvenile stages. Based on their utilization of the shallow waters in the estuary, the majority of species could be categorized as residents. In the Shimanto Estuary, shallow waters are studded with shelters, especially eelgrass beds, which serve as important nursery grounds for coastal and euryhaline fishes.
INTRODUCTION
Estuaries are known in many parts of the world as nursery grounds for a wide variety of fishes. [1] [2] [3] [4] In Japan, coastal waters, 5 including bays [6] [7] [8] and sandy beaches, 9, 10 have been studied as the differential habitats for early stages of fishes. However, a comprehensive and continuous study of the larval and juvenile ichthyofauna has not been carried out in Japanese estuaries. This lack of research is probably due to the small area and to the environmental deterioration of Japanese estuaries.
In view of this situation, we have conducted collections of larval and juvenile fishes in the estuary of Shimanto River, south-western Shikoku, which is an undisturbed area and is the longest river (196 km) in Shikoku. 11 These collections show that the estuary serves as a nursery ground for many fishes, such as Lates japonicus, 12 Lateolabrax japonicus, L. latus, 13 Plecoglossus altivelis altivelis, 14 and Cottus kazika. 15 The present study describes the species com position and seasonal occurrence of larval and juvenile fishes in this estuary and the significance of the estuary as a nursery ground is then discussed.
MATERIALS AND METHODS
The salt wedge usually reaches approximately 6 km above the mouth of the Shimanto River (32°56¢N, 132°59¢E), which flows into Tosa Bay. The maximum width of the estuary is 0.6 km and its maximum depth is approximately 17 m. Shore areas of the estuary are composed mostly of gravel and are fringed by the common reed Phragmites australis and by muddy substrates, which are studded with eelgrass (Zostera japonica) beds all year round.
Using a small seine (1 ¥ 4 m, mesh 1 mm), larval and juvenile fishes were collected monthly from
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Seasonal changes
The seasonal occurrence of fishes is shown in Fig. 2 (Fig. 3) . These species showed an evident uniform increase in length during their periods of occurrence, and developed from larval to juvenile stages during the period that they inhabited the estuary. Group B comprised C. affinis, M. c. cephalus, Rhinogobius sp., and S. fuscescens (Fig. 4) . Their sizes remained almost unchanged throughout the period that they inhabited the estuary and/or their developmental stages were limited almost to only juveniles. For group C, sizes fluctuated irregularly, unrelated to season, for various developmental stages for G. equulus, R. oxyrhynchus, Terapon jarbusa, and P. dotui (Fig. 5) .
Peak abundance of group C occurred during August; thereafter, group C fishes were either not sampled or sampled infrequently during September (Fig. 5 ). In contrast, group A were either sampled infrequently or not sampled during August (Fig. 3) , and their periods of occurrence were different from those of group C. Among group B fishes (Fig. 4) , Rhinogobius sp. and S. fuscescens had a peak abundance in August being the same as group C, whereas M. c. cephalus and C. affinis appeared nearly during the same period as P. a. altivelis and A. schlegeli of group A.
Aggregation in eelgrass beds
Size-related differences in the percentage of abundance (catch number per a haul) of the 15 dominant species between the eelgrass beds and other habitats are shown in Fig. 6 . Three groups shown in Fig. 6 are the same as the groups described in the preceding paragraph. Of the seven species comprising group A, almost all of L. japonicus, A. schlegeli and R. bikolanus were collected from the eelgrass beds. Most of the specimens of A. latus that were larger than 18 mm total length (TL) were July 1985 to June 1987 at 11 stations in the shallow waters near the shore. A total of 773 seine hauls (each haul was made along the shore for a distance of 50 m) were made during the 2-year study period. Of the total seine hauls, 251 hauls were made at the eelgrass beds in the estuary. Details of the collection sites and methods are given in Kinoshita et al. 12 Family names and their order follow that of Nelson, 16 and genus and species names are in accordance with Nakabo 17 and ordered alphabetically.
RESULTS

Species composition
A total of 49 101 fishes of more than 100 species from 44 families were observed during the study period. The numerical percentages of fishes collected and their size ranges are shown in Table 1 . Numerically, Gerres equulus was the most common, accounting for 20.02% of the total abundance. Rhyncopelates oxyrhynchus (12.43%) was ranked second, followed by Acanthopagrus latus (8.51%), Acanthogobius flavimanus (7.74%), Mugil cephalus cephalus (7.16%), Parioglossus dotui (6.98%), Acanthopagrus schlegeli (4.34%), Redigobius bikolanus (3.48%), Lateolabrax japonicus (3.38%), and Plecoglossus altivelis altivelis (3.24%). Of these 10 dominant species, P. a. altivelis was the only diadromous species. Other diadromous species collected in the estuary were Anguilla japonica, Cottus kazika, and some other gobies and freshwater cyprinids. Generally, the fishes that were observed in the estuary were mostly marine species that spawn in the sea.
Developmental stage of fish
Fishes collected in the estuary were mostly postlarvae or juveniles, with the exception of adults of some species belonging to Syngnathidae and Gobiidae (Table 1) . Length frequency distributions of the 15 dominant species are shown in Fig. 1 Modde has divided the larval and juvenile fishes occurring in the surf zone into two categories: (i) resident; and (ii) migrant. 19 Resident fishes are identified by their relative increase in length during the periods in which they were collected, whereas migrant fishes do not. Of the 15 dominant species observed in the Shimanto Estuary, seven species of group A (Fig. 3) can be categorized as residents, particularly R. bikolanus, which appeared at stages from larva to adult. In contrast, the four species of group B are categorized as migrants (Fig. 4) . Because the four species of group C appeared at various sizes and developmental stages, we can classify them as residents (Fig. 5) ; however, the seasonal growth of these species is not clear in comparison with the resident species of group A. Both groups experienced levels of peak abundance in August, and their number then decreased rapidly in September (Fig. 5) . This may be explained by the river water swelling as a result of typhoon events during the interval between samplings in August and September of both years. Swelling river water made the estuarine environment unstable and seemed to inhibit stable recruits into the shallow estuarine waters in the Shimanto Estuary. also found in the eelgrass beds. Nematalosa japonica and P. a. altivelis did not aggregate intensively in the eelgrass beds compared with the aforementioned species. In groups B and C, all of S. fuscescens and most of R. oxyrhynchus, P. dotui and G. equulus that were larger than 14 mm TL were collected from the eelgrass beds. The other four species were not concentrated in the eelgrass beds.
DISCUSSION
Kinoshita has recorded the larval and juvenile ichthyofauna of the surf zone of sandy beaches facing Tosa Bay 9 using the same collection method as that used in the present study. Comparing the 15 numerically top-ranking species between the surf zone of sandy beaches and the estuary, P. a. altivelis, M. c. cephalus, C. affinis, G. equulus, A. schlegeli, A. latus, T. jarbua and R. oxyrhynchus occurred in both surveys. Thus, it can be concluded that the species' compositions of the two habitats have much in common. Furthermore, the developmental stage of fishes recruited at each habitat is similar; that is, the majority of species were first sampled in the estuary during the transformation stage from larva to juvenile (Fig. 1) , as was sampled in the surf zone. 9, 18 In the Shimanto Estuary, the number of species was greatest in August when the highest water temperature was also observed (Fig. 2) . In August, 
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Shinji Fujita et al. Consequently, the majority of dominant species occurring in the Shimanto Estuary are categorized as resident species. This feature is in common with that of other fish communities of estuaries in many parts of the world. 4 In contrast, most of the species collected in the surf zone of sandy beaches were categorized as migrants, 9, 20 irrespective of the species' composition being similar to that of the estuary. In the case of Acanthopagrus, the size ranges of A. latus and A. schlegeli collected in surf zones 9 did not exceed 18 mm TL, but in the estuary both species were collected at size greater than 40-50 mm TL (Fig. 1) . Kinoshita has concluded that the surf zone of sandy beaches is a transient biotope, which orients fish larvae to the next nursery grounds, and forms an important preparation ground for their transformation to demersal to be a unique biotope in which the fishes can transform to demersal their habits.
Our previous studies have revealed that the juveniles of Lates japonicus, Lateolabrax japonicus, L. latus, A. latus, A. schlegeli, and Sparus sarba transformed their habits from pelagic to demersal in the eelgrass beds in the Shimanto Estuary, and that they utilized the eelgrass beds principally as shelters at the end of their pelagic life stage. 12, 13, 21 In addition to these fishes, R. bikolanus, G. equulus, stages. 9 Thus, the differences in size distribution indicates the distinction between the estuary and surf zone, whereby the estuary plays a role as a nursery ground for fishes. Furthermore, as well as playing the same role as that of the surf zone as a nursery ground, the Shimanto Estuary also seems R. oxyrhynchus and P. dotui, which were categorized as residents, depend on the eelgrass beds as a primary nursery ground in the estuary (Fig. 6) . Of the resident species, however, many individuals of N. japonica, P. a. altivelis, T. jarbua, and pelagic Acanthopagrus larvae inhabit the non-eelgrass shallow water areas of the estuary (Fig. 6 ). Therefore, it is concluded that the presence of both the eelgrass beds and non-eelgrass habitats increase the function of the estuary as nursery ground for fishes.
